Context: The orthodontic treatment in adult for the treatment of malocclusion is becoming more common. However, the disadvantages of conventional orthodontics are the time consumed for the treatment (18-24 months), root resorption, and formation of fenestrations and dehiscence. Periodontally accelerated osteogenic orthodontics (PAOO) is a surgical technique resulting in increased alveolar bone width, shorter treatment time, increase posttreatment stability, and decrease amount of apical root resorption. Aim: The aim of the study is to compare the treatment time, root resorption, bone density, and presence/absence of fenestrations and dehiscence after PAOO with surgical bur and PAOO with piezocision. Materials and Methods: Forty participants with bimaxillary protrusion undergoing orthodontic treatment were randomly selected and divided into two groups. Group I: 20 participants selected for PAOO with surgical bur and Group II: 20 participants selected for PAOO with piezocision. Patients were recalled at baseline 3, 6, 9, and 12 months and evaluated for treatment time and bone density, root resorption, and detection of fenestration and dehiscence using cone-beam computerized tomography (CBCT). Results: Participants in Group I had less treatment time compared to Group II. Rate of retraction was 7.07 mm/20.81 weeks and 5.99 mm/28.48 weeks in Group I and Group II, respectively. CBCT showed a statistically significant increase in bone density in both groups, 12 months after the surgery. Root resorption was negligible in Group I (0.34 mm) and in Group II (0.51 mm). CBCT revealed increase in thickness of alveolar bone and coverage of fenestrations and dehiscence. Conclusion: PAOO provides an efficient and stable orthodontic tooth movement.
INTRODUCTION
C onventional orthodontic treatment for the correction of malocclusion is accepted worldwide, but the major drawback of it is the time taken for the treatment which is around 18-24 months.
Conventional orthodontic movements cause periodontal ligament compression and produce histological and biomolecular modifications. Orthodontic tooth movement is achieved by a balance between bone resorption on pressure side and deposition on the tension side of the tooth during the application of optimum orthodontic force. During orthodontic treatment, increased time duration has been linked to an increased risk of root and bone resorption which may arise due to inappropriate force magnitude or tooth movement into dense or altered bone. [1] The tooth movement is enhanced by procedures that elevate the remodeling of alveolar bone, periodontal, and gingival fibrous tissues by disrupting the continuity of cortical bone, thereby orthodontic is completed in much less time than normally expected. [2] This procedure was termed as accelerated osteogenic orthodontics (AOO) and recently as periodontally AOO (PAOO) or Wilckodontics introduced by Dr. William Wilcko and Dr. Thomas Wilcko, in which teeth can be moved 2-3 times faster in (1/3) to (1/4) the time required for traditional orthodontic therapy. It helps orthodontic tooth movement by accelerated bone metabolism due to controlled surgical damage to the cortical bone. It utilizes the dynamics of bone physiology and emphasis on tooth movement, in which the supporting bone responds to orthodontic forces rather than just concentrating on the manner in which the forces are applied to the teeth. PAOO combines selective alveolar corticotomy, particulate bone grafting and the application of orthodontics forces. This procedure is theoretically based on a bone healing pattern known as regional acceleratory phenomenon (RAP). [3] The aim of the study is to compare the treatment time, root resorption, bone density, and presence or absence of fenestrations and dehiscence after PAOO with surgical bur and PAOO with piezocision.
MATERIALS AND METHODS
Written consent was obtained from all the participants. Ethical clearance was obtained from the Ethical Committee of the Institute.
Pre-and post-operative study models, photographs, and radiographs such as orthopantamograph were recorded for each participant in baseline, 3, 6, and 12 months' intervals.
Participants were given a presurgical rinse with 0.2% chlorhexidine for 1 min and were anesthetized with the help of 2% lignocaine with 200,000 adrenaline.
In Group I -Sulcular releasing incisions and incisions to preserve the papilla were done labially [ Figure 1] . A full-thickness flap from premolar extraction site of one side to other, both in the maxillary and mandibular region, was done to expose the underlying alveolar bone to provide access [ Figure 2 ]. Decortication in alveolar bone was using No. 1 or 2 round tungsten-carbide bur in a high-speed handpiece with saline irrigation [ Figure 3 ]. Guiding pilot perforations were given in the interradicular area; these were joined to create vertical corticotomy grooves which are about 1.5-2 mm in depth. This groove was extended from a point 2-3 mm away from the crest of the alveolar bone to a point 2 mm beyond the apices of the roots. If the alveolar bone was of sufficient thickness (more than 1-2 mm), solitary perforations were placed in the alveolar bone over the radicular surface [ Figure 4 ].
In Group II -Sulcular releasing incisions and incisions to preserve the papilla were done labially [ Figure 5 ]. A full-thickness flap from premolar extraction site of one side to other, both in maxillary and mandibular region, was done to expose the underlying alveolar bone to provide access [ Figure 6 ]. Decortication in alveolar bone was done using piezotome handpiece with piezo surgical knife [ Figure 7 ]. Guiding pilot perforations were given in the interradicular area these were joined to create vertical corticotomy grooves which are about 1.5-2 mm in depth [ Figure 8 ].
In both the groups, the volume of the graft material in the corticotomy areas was dictated by the pretreatment thickness of the alveolar bone and the need for labial support by the alveolar bone. A typical volume used was 0.25-0.5 ml of graft material per tooth. Primary closure of the flaps with interrupted sutures was done using 4.0 silk sutures and periodontal dressing was placed. Sutures were removed after 2-week postsurgically. Participants recalled at 1, 3, 6, and 12 months.
In both the groups, bonding of MBT 0.022" slot bracket was done. Nickel-titanium wire was used in the initial phase of leveling and aligning. Following which stainless steel wire (0.019" × 0.025") was placed in participant before retraction was initiated. Extraction space was measured with digital caliper before initiating retraction in both the groups.
In both the groups, after corticotomy procedure, the participants were recalled at an interval of 2 weeks for replacement of active tiebacks.
Statistical analysis used: Student's t-test and unpaired t-test.

RESULTS
A total of 43 participants were recruited for the study, in which three dropped out from continuing the treatment for personal issues, in which 1/3 underwent surgery of maxilla. A total of 40 participants completed the entire duration of the study and divided into two groups: 20 participants in Group I and 20 participants in Group II participated in the study.
The statistical power of the study when comparing 40 participants (20 in each group) with the data obtained from measuring treatment time and retraction rate was found to be 90%. 7.07 ± 0.5 mm in Group I and 5.99 ± 0.35 mm in Group II after 12 months, with higher mean retraction in Group I than Group II and was found to be statistically significant (P < 0.001). Table 2 shows the mean retraction time in weeks for Group I: 20.81 ± 1.08 weeks (5 months and 2 weeks) while for Group II: 28.48 ± 1.70 weeks (7 months and 1 week) (P < 0.001). These findings were statistically highly significant (P < 0.001). Table 3 shows root resorption measured as total lengths of each tooth from canine to canine by cone-beam computerized tomography (CBCT) at baseline and 12 months. There was a decrease in mean tooth length from pre-to post-operative time interval at maxilla and mandible region in Group I and Group II which was found to be statistically significant (P < 0.001). Table 4 shows the bone densities in both groups that were assessed at baseline and 12 months with significant increase in both the groups: in Group I -maxilla (121.35 ± 8.79-128.60 ± 6.61) (P > 0.005) and mandible (150.85 ± 14.55-154.55 ± 14.93) (P < 0.001) and in Group II -maxilla (120.80 ± 8.27-125.10 ± 8.08) (P > 0.05) and mandible (136.35 ± 11.61-140.70 ± 11.10) (P < 0.01). All the values in both groups in the mandible region were highly statistically significant (P < 0.01).
DISCUSSION
PAOO helps to overcome the drawbacks of conventional orthodontic treatment, including lengthy duration, potential for periodontal complications, lack of growth, and the limited envelope of tooth movement.
In the late 1990s, the Wilcko brothers developed the AOO procedure and added the alveolar augmentation to the corticotomies performed both buccally and lingually and concluded 75% reduction in orthodontic treatment. [4] A modified corticotomy technique was introduced in which labial and lingual supraapical horizontal and lingual vertical cuts were not performed. [5] In 2007, Vercellotti and Podesta introduced the use of piezosurgery instead of burs, in conjunction with the conventional flap elevations to create an environment conducive to rapid tooth movement. [6] In 2009, Dibart et al. described a new minimally invasive procedure called piezocision. [7] PAOO causes the induction of bone metabolism through decortication lines and points around the teeth to be moved to enhance bone and periodontal turnover, resulting in a transient stage of osteopenia during treatment thus accelerating tooth movement. [2, [8] [9] [10] [11] [12] The total treatment time for Group I was 20.81 weeks (5 months and 2 weeks) and for Group II was 28.48 weeks (7 months and 1 week). This is in accordance with the clinical observations by Wilcko et al. and Hajji, [4, [13] [14] [15] who reported similar significant reductions in treatment time with stable orthodontic tooth movement and also certain case reports of piezocision in humans with moderate to light crowding showed increased rate of acceleration of orthodontic tooth movement to be approximately 5-7 months. [16] [17] [18] The rapid tooth movement in piezocision-assisted corticotomy is due to the micrometric and selective cuts and producing a safe and precise osteotomies without osteonecrotic damage in contrast to rotary burs. [19, 20] This is not in accordance with the study done by Abbas and Moutamed which concluded that surgical control for piezosurgery was easier than conventional surgical burs for selective alveolar corticotomies. [21] Piezosurgery provided more favorable osseous repair and remodeling than with conventional surgical burs with surgical ostectomy and osteoplasty procedures. [6] Histological studies have shown minimal cellular damage to the respected bone margins, bony matrix, and underlying marrow spaces by piezosurgery. [22] [23] [24] A minimal amount of root resorption was 0.34 and 0.51 mm in Group I and Group II, respectively, which is in accordance to findings by Kurol and Owman-Moll and Wilcko et al., [13, 25] whereas Ong and Wang showed mean shortening of root in central incisors to be 0.23 mm in PAOO group and 0.52 mm in conventional orthodontic group. [26] The theoretical linear rate of resorption for osteoclasts during cortical bone remodeling is 0.6 mm/month through cortical bone. [27, 28] The presence of fenestrations and dehiscence during the elevation of full thickness was seen in all participants while 12 months after surgery as assessed by CBCT, no fenestrations and dehiscence were noted, and this finding is supported by study done by Wilcko et al. [4] An increase in bone density was observed in both the groups, especially Group I, which is attributed to the presence of the combination of bone grafting material and the transient osteopenia leading to increase in bone turnover, rapid removal of the hyalinized areas, and decrease of bone density in the region of tooth movement. This condition favors tooth movement with reduced root resorption. [29] Retraction in the present study was started 2-week postsurgery as recommended by Wilcko et al. On contrary, Chung et al. and Sanjideh et al. [30, 31] started retraction immediately after corticotomy. Two week delay between surgery and initiation of retraction was followed so that the postoperative pain and swelling could subside in subject.
The adverse effect of corticotomy on the periodontium ranges from no problem to gingival recession and decrease in width of attached gingiva. In the present study, all the participants were given NSAID'S and antibiotics after the surgery, and the incisions were modified which preserve the interdental papilla, so no recession reported in any of the cases but 3 out of 20 participants in Group II reported with pain, swelling, and hematoma of chin for 2-3 days which gradually subsided. The reason could increase working pressure which impedes the vibration of devices that transform the vibrational energy into heat which damages the tissue. [22] Since most of the decortication procedures are based on case reports, more laboratory and clinical studies are necessary to better explain the biological mechanisms involved at both the tissue and molecular level and to investigate the long-term effects of this procedure since 12 months is not sufficient to analyze the long-term effects of PAOO.
CONCLUSION
PAOO with surgical bur gives significant reduction in treatment time and increase in retraction rate when compared with PAOO with piezosurgery and conventional orthodontic treatment.
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